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AUTHORS: Bering, Bo Psy Dupinine Maas scadenioian, 8/020/60/131/04/041/073 
Zhukovsekaya, Ye. Ge, Serpinakiy, V. V. B004/B125 


TITLE: Molecular Sieves as sagoxbantel of the First Structural Type 


PERIODICAL: Doklady Akademii nauk SSSR, 1960, Vol 131, Nr 4, pp 865 - 867 (UssR) 


TEXT: The authors divide the porous adsorbents into structural types according 
to the size of their pores. Second structural type: silica gelwith large pores 
and active coal with large pores. First structural type: silica gelwith fine 
pores, active coal with fine pores, and zeolite. They tested whether zeolite 
belongs to the first structural type by means of the potential theory of 
adsorption developed in their institute. They present the equation of the ad- 
sorption isotherm (1), which establishes a linear relation between the logarithm 
of the adsorption a and the square of the logarithm of the relative pressure 
ha P/P 5° The isotherms of nitrogen and benzene in fine-pored silica gels (Ref 4) 


may be determined in a wide temperature range by determining the constants . and 
B of the equation (1) and the affinity A of the molecular volume v and the partial 
pressure Pp, of the saturated vapor. For the molecular sieve “Linde 5A" the ex- 


periments were carried out with nitrogen at -195°. Figure 1 shows the results of 
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the experiments. The ourves of the adsorption of nitrogen and argon on chabazite 
according to reference 6 were added for comparison. The validity of the equation 
(1) was tested on the basis of the determined constants by caloulatign of the 
adsorption isotherms for chloromethyl on chabasite at 0, 50, and 100°. Figure 2 
shows the result. The experinental data of R. M. Barrer and D. W. Brook (Ref 9) 
1s entered for comparison. At 50 there is good agreement between the datg cal- 
culated by the authors and the experimental data from reference 9. At 100 the 
experimental data is somewhat lower, at 0 somewhat higher; but the deviation 
is at most only 5%. The authors arrive at the conclusion that the equation (1) 
is applicable to the study of the adsorption on zeolite and that the molecular 
sieves may be considered adsorbentr of the first structural type. There are 

2 figures and 11 references, 7 of which are Soviet. 


ASSOCIATION: Inatitut fizicheakoy khimii Akademii nauk SSSR (Institute of 
Physical Chemistry of the Academy of Sciences, USSR 


SUBMITTED: December 30, 1959 
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B101/B220 
AUTHORS: Dubinin, Me Ma, Zaverina, Ye. D., Ivanova, L. 5, Kaverov, 
Ae Tey and Kaeatoohkin, ve. Ie ‘ 
TITLE: Study of the nature of the micropore structure of activated 


carbons. Oommunication 1. Aotivated carbons from phenol- 
aldehyde resins 


PERIODICAL: Izvestiya Akademii nauk SSSR. Otdeleniye khimicheskikh nauk, 
no. 1, 1961, 17-28 


TEXT; The aim of the authors was to characterize the mioropore structure | 
of astivated carbons by adsorption of molecules whose dimensions are ry poe 
comparable to those of the micropores. The present report deals with. | 
activated carbons from phenyl-aldehyde resin, whose structure has been | 
modified considerably by treatment at various temperatures. The methodg ¥f . 
obtaining the carbon has been desoribed previously (Refs. 11, 12). -‘The*} - 
product obtained by carbonization of the resin has been activated ina °° ; 
rotating quartz retort at 950°C +111 the loss in weight amounted to about © 
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50%. Thies speoimen was termed A-950. Its heating in nitrogen to 1750, 
2000, and 2300°C resulted in the speoimena A-1750, A-2000, A-2300. A-3000 
was obtained by heating in an eleotrio resistance furnace of the type 

PC -100 (RS-100). Reduction in weight was 3.21% at 1750°C, 3.50% at 
2000°C, 5.53% at 2300°C, and 5.57% at 3000°C. Debye-Scherrer patterns 
were taken by means of a BPC-3 (VRS-3) camera; the parameters La and Ly 
of the carbon crystallites were determined according to R. E. Warren 

(Ref. 13) and the radiographic density @ was calculated from equation 

g@ = zAm/abo (Zed number of 0 atoms in the unit cell; A=12, stomic weight 
of Cy m=1.66*107 4g, mass of the H atoms a=be2.456 A, constanta of the 
graphite orystal lattice in the basal surface; o=2do92, dimension of the 
unit o@¢ll along axis co). Table 1 indicates the data obtained. The 
adsorption properties of the specimens were determined in a wide range of 
relative pressure by means of @ sorption balance for benzene, cyclohexane, 
and water at 20°C (Table 2). The constants of the isothermal lines of 
adsorption were oaloulated from Eq. (4) of the potential theory of 


adsorption; a = atexp|(-B(1"/8") (1ogp,/p)* |» where a! = W/v (5) 
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corresponds to the maximum dooupation of the adsorption volume W, and v 
is the volume of 1 millimole of the adsorbed substance (Table 3). This 
carbon has a mixed structural type with two kinds of micropores as shown 
in Fig. 5 for benzene and A-1750. In the micropores of the first type, 
which correspond to ag, there occurs ean increase of the adsorption 
potential. This effect is absent in large micropores of the second type 
(at). The following relation has been obtained: a! + al = a° (6). 


a° ig the adsorption ocourring at the beginning of hysteresis and 

capillary condensation of the vapor in the intermediate pores. This value 
ig represented in Fig. 5 by a broken vertigal line: (p/Ps)o = 0-175. Based 
on the sorption isotherm, the volumes of the different types of pores were 


sv! " — 
evaluated: Wg mV + vig are the volumes of the two types of micropores; 


v4 is the volume of the intermediate pores; and vg is the totel volume of 
pores (Table 4), Tables 6 and 7 indicate the values found for the 
adsorption of organio substances and eleotrolytes. The orystallite 
surfaces (cylindrical lateral surface 8), basal surfaces Sp) which were 
obtained from radiographical data do not coincide with caloulations 
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according to Brunauer, Emmett and Teller, and Langmuir (Table 8). An 
attempt hae been made to explain the structure by the example of A=-950. 

It is assumed that binary micropores are formed by the combustion of two 
superposed crystallites when the carbon is heated. a is assumed to be the 
speoific aurface of .the .mioropares composed of the surface a of the single 
micropores and of 1-a of the "binary" ones. In the single micropores, nj 
molecules of one vapor and nj molecules of another vapor are assumed to be 
adsorbed. Correspondingly, nj, ny molecules are adsorbed in the binary 
pores, 4),, 6), are assumed to be the areas ocoupied by the adsorbed 
molecules. The following relations have been obtained: 

cent /2a, + (1-a)ent/2W,=04 (11) and asn}/2), + (1-a) ant /2w, 2 a5 (12) 
resulting in a= (any ~-nt)/[(any - ny) - (An; - nt) | (13), where 

A= a! @,/a" @, (14) ands = 2a'@,/ an} + (1-a)n" | (15). For A-950 
one obtains a = 0,256 and s‘= 568 m2/ge Thus, binary pores are formed for 
the major part (74%). This approximative model of micropores agrees with 


radiographic data and reproduces the measurements of adsorption correctly. 
D. N. Strazhesko, S. Ge Tolkachev, and I. Ve Uspenskiy are thanked for 
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assistance. There are 5 figures, 8 tables, and 25 references: 15 Soviet- 
bloc and 9 non-Soviet-bloc. 


‘ASSOCIATION: Institut fizicheekoy khimii Akademii nauk SSSR (Institute of 

- Physical Chemistry, Academy of Sciences USSR). Institut 
goryuchikh iskopayemykh Akademii nauk SSSR (Institute of - 
Mineral Fuels, Academy of Scienoes USSR). Institut ee 
fizioheskoy khimii Akademii nauk USSR (Institute of “i 
Physical Chemistry, Academy of Sciences UkrssR) : 


SUBMITTED: October 13, 1959 
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AUTHORS: _Dubinin, M. Me, Zaverina, Ye. D., Kaverov, A. T., and 
Kasatochkin, vy. I. 


TITLE: Nature of the mioropore structure of activated carbons. 
Communication 2. Activated carbons from polyvinylidene 
chloride 


PERIODICAL: Izvestiya Akademii nauk SSSR. Otdeleniye khimicheskikh nauk, 


no. 1,.1961, 29-37 


TEXT: The aim of the authors was to study the modification of the 
micropore structure of activated carbons brought about by physical, 
physicochemical, and chemical effects. The present report deals with the 
effect of thermal treatment on activated carbon produced from polyvinyl- 
idene chloride, ‘The micropore structure of this carbon is not the result 
of the combustion of large amounts of carbon, but of the release of 
hydrochloric acid. Regarding the production of the carbon, Refs. 2,3 are 
referred to. Additional activation by COg up to a loss in weight of about 
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10% was effeoted at 750°C, This specimen was termed B-750. Further 
thermal treatment resulted — oorresponding to the temperature - in the 
specimens B-1300 (loss in weight 0.38%), B-1750 (loss in weight 4.00%) , 
B-2300 (loss in weight 5.35%), and B-3000 (loss in weight 7.17%). Like in 
Ref. 1, the structure of the carbon crystallites was studied by means of 
X-rays, and Lo, Las ggg: and the radiographic density @ were determined 
(Table 1). Moreover, the isothermal lines of adsorption at 20°C were 
determined for benzene (Fig. 2) and cyclohexane (Fig. 3). Prior to the 
adsorption, the carbon was evacuated at 450°C and about 1.107° mm Hg. The 
substantially reduced adsorption of cyolohexane is attributed to the more 
complex structure of its molecules. The structural characteristics are 
indicated in Table 2. any; is the adsorption corresponding to the complete 
filling of the micropores. In the case of benzene, it occurs at a relative 
pressure p/P, = 0.175, and in the case of cyclohexane, at p/Pg = 06158: 

ag denotes the total adsorption at p/Ps = 1, vg the total volume of pores, 
Vgi the volume of the micropores, and vi that of the intermediate pores 
calculated from the difference. The experimental isothermal lines were 
compared with the equation of the potential theory of adsorption: 
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a= (w,/v)exp[(-B(1?/8")(1os"p,/p)” | (1). W, 19 the maximum adsorption 


volume, B a constant dependent on the size of the micropores, and $ the 
affinity coefficient. The data caloulated from (1) are indicated in 

Table 3, It was found (Fig. 5) that at a high relative pressure, the 
experimental data are lower than those obtained from Eq. (1). It is 
assumed that the reason ie either ultraporosity or non-equilibrium. 
Referring to a paper of R. Franklin (Ref. 7), the structure of polyviny).- 
idene chloride carbon is explained. The micropores are slit-shaped 
interstices between the crystallites or individual plane graphite lattices. 
They give room to hardly more than 2-3 layers of adsorbed molecules. On 
the assumption of 41. A2 ocoupied area for one benzene molecule and of 

368 A? occupied area for one cyclohexane molecule, a comparison between the 
speoifio surfaces oaloulated by X-ray analysis, sorption, and a bidisperse 
model (Table 4) results in the usability of a bidisperse models; the final 
clarification of the character of porosity is reserved for further 
investigations. The difference observed in specimen B-1750 regarding the 
adsorption of benzene and oyclohexane is attributed to a molecular 
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screening effect. This is shown by comparison with a Linde MC-5A screen. 
S$. G. Tolkachev and I. V. Uspenskiy are thanked for assistance. There are 
5 figures, 5 tables, and 10 references: 7 Soviet-bloo and 3 non-Soviet- 
bloc. 
ASSOCIATION: Institut fizicheskoy khimii Akademii nauk SSSR (Institute of 
Physical Chemistry, Academy of Sciences USSR); Inatitut 
_ goryuchikh iskopayemykh Akademii nauk.SSSR (Inatitute of 
Mineral Fuels, Academy of Sciences USSR) 


SUBMITTED: December 26, 1959 
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B1i17/B208 


AUTHORS: Dubinin, M. M., Vishnyakova, M. M., Zaverina, Ye. Dey 
Zhukovakaya, Ye. G., Leont'yev, Ye. A., Luk'yanovich, V. M., 
and Sarakhov, A. I. 


TITLE: Study of adsorption properties and structure of secondary 
pores of adsorbents having tha effect of molecular sieves. 
Report 1. Industrial samplea of synthetic zeolites 


PERIODICAL: Izvestiya Akademii nauk SSSR. Otdeleniye khimicheskikh 
nauk, no. 3, 1961, 396-406 


TEXT: The authors studied some peculiarities of the adsorption properties ri 
of typical industrial samples of synthetic zeolites and the structure of 
their secondary pores. They used industrial samples from molecular sieves 
designed by Linde 4a (designated by MC-4A(MS-4A)), and 5A (designated by 
McC-5A (MS-5A)) in the form of 4-8 mm long grains with an average diameter 
of ¥3.2 mm. Sorption isotherms and, in some cases, desorption isotherms 
of nitrogen vapors at -195°9C, and water, benzene, and cyclohexane vapors 
at 20°C were determined. A similar apparatus as that described in Ref. 2 <3 
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(B. P. Bering, M. M. Dubinin, Ye. G. Zhukovskaya, A. I. Sarakhov, and 

¥. V. Serpinskiy, Zh. fiz. khimii 31, 712, 1957) was applied. To study 
the atructure of secondary pores of MS-4A and MS-5A grains, low- and high- 
pressure porosimeters were used. The latter was a redesigned device of 
the MA-4 (PA-4) type (Ref. 5: T. G. Plachenov, v. A. Aleksandrov, and 

G. M. Belotserkovskiy, Metody issledovaniya struktury vysoko-dispersnykh i 
peristykh tel, Izd. AN SSSR, Moy 1953, str. 59). For the electron- 
microscopic examination of the structure of secondary pores, the method of 
single-stage carbon replicas was used. The pictures of carbon replicas of 
MS-4A and MS-5A taken by means of an Y3M-100 (UEM-100) electron microscope 
showed no marked differences. A thorough analysis of stereophotographs 
indicates that there was no dense packing of the zeolite crystals in the 
grains. There are interstices of the order of magnitude of small crystals, 
i.e., some tenths of a micron or some thousandths of an angstrom. Strong 
enlargements show that the crystal surface is not amorphous. The studies 
of MS-4A and MS-5A disclosed that the potential adsorption theory could be 
applied to them. As the authors had not obtained any experimental data, 
they used the results obtained by N. V. Kel'tsev, for water vapor at 20° 
and 60°C and at equilibrium pressures p = 1 and 25 mm Hg, which had been 
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made available to them. The measured values of adsorption deviate from 
the calculated values by.3 % at most. £q. (1) expresses the temperature. 
dependence of the adsorption isotherms satisfactorily: 


2 
Ge a a = (Wo/v) exp [ =, (108 p,/P)* 


W. = limiting volume of the adsorption space, which is equal to the volume 
of the micropores of the adsorbent; B = constant dependent on the 
dimensions of the micropores, which determine the increase of the adsorp- 
tion potentials; A = affinity factor of the characteristic lines; 

vy = volume of 1 mM of the vapor liquefied at the experimental temperature 
T, When considering the structure of the secondary pores, it was found 
that it may be quantitatively desoribed by the sorption and mercury : : 
methods of measuring the pores. The characteristics obtained for the 

pore structure of MS-4A and MS-5A are given in Table 4. There are 

9 figures, 7 tables, and 13 references: 12 Soviet-bloo and 1 non-Soviet- 
bloc. ; 


‘ASSOCIATION: Institut fizicheskoy khimii Akademii nauk SSSR (Institute of 
Physical Chemistry, ‘Academy of Sciences USSR) 
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SUBMITTED: December 30, 1959 


Legend to Table At Porosity of grains from Linde's molecular sieve; 
1) adsorbent; Vo = volume of secondary pores; Ye = vy, + Vo 


(toe | 0,233 |. 0,233 
0,219 °f 0,202 fo ‘} 0,323 
: ‘ ‘ 
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B124/B206 
AUTHORS t Agafonov, A. V., Dubinin, Ms M., Onusaytis, Be Ae, 
Torocheshnikov, N.S. 
TITLEs Studies on production and application of new selective 


adsorbents -~ molecular sieves - in the USSR 
PERIODICAL: Khimicheskaya promyshlennost', no. 7, 1961, 26 ~ 30 


TEXT; The authors give a short summary of the main results of studies in 
the field of synthetic zeolites conducted in various scientific institutes 
in 1960 on the basis of the coordination plan of the Komissiya po taeolitam 
(Zeolite Commission). The Zeolite Commission under the chairmanship of 
Academician M. M. Dubinin was established at the Otdeleniye khimicheskikh 
nauk AN SSSR (Department of Chemical Sciences, AS USSR) in 1959, in order 
to coordinate studies in the field of synthesis and application of synthetic 
zeolites. Its activities comprised: 1) development of synthesis- and N 
technological processes for synthetic zeolites; 2) investigation of struc- 
tural properties and adsorption of synthetic and natural zeolites, and 

3) study of the application of synthetic zeolites for the drying and sepa- 
ration of gases. Crystallization of zeolites and their ion exchange prop- 
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erties were investigated at the Institut fizioheskoy khimii AN USSR 
(Institute of Physical Chemistry, AS USSR) under the direction of 

I. Ye. Neymark, zeolites of the types CaA, KA, LiA, BeA etc having been 
produced (the authors use the designations NaA, CaA, Nax and CaX, approved 
by the above-mentioned Commission, instead of the customary designations 
4A, 54, 10X and 13X). One of the institutes of the chemical industry under 
the direction of G. I. Mikulin and V. Ya. Nikolenko investigated the tech- 
nological conditions for the synthesis of zeolites, and one of the insti- 
tutes of the petroleum industry under the direction of Ya. V. Mirakiy the 
conditions for the production of orystalline zeolites of the type NaA and 
CaA in the laboratory and pilot plant. Optimum conditions for the synthesis 
of zeolites of the types NaA and NaX,as well as the ion exchange for the 
production of the CaA and CaX zeolites were studied in the laboratory under 
the direction of M. 8. Misin and L. M. Maksimova. The conditions for the 
synthesis of zeolites of the types A and X were studied at the institut 
neftyanoy promyshlennosti (Institute of the Petroleum Industry) under the 
direction of A. V. Agafonov, L. I. Piguzova and B. A. Lipkind, applying the 
process used by N. S. Kurnakov (Ref. 3: Izv. AN SSSR, 6, 1381, (1937)) for 
the production of Permutit. The use of aluminum sulfate anc aluminum oxzy- 
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chloride in the synthesis of zeolites was studied in a laboratory of the 
chemical industry under the direction of V. S. Vinogradova and L. S. Kof- 
man. The institut khimii AN Gruz. SSR (Institute of Chemistry of the 
Georgian SSR) under the direction of G. V. Tsitsishvili dealt with the 
kinetics of the crystallization of the Nad zeolites, and the Institut 
khimii silikatov AN SSSR (Institute of Silicate Chemistry, AS USSR‘ under 
the direction of S. P. Zhdanov with the optimum conditions for the produc- 
tion of Na zeolites by hydrothermal synthesis in the temperature range of 
from 70 t2 200°C from strongly basic aluminum silica gels with a base ex- 
cess of 300 - 500%. The studies by the laboratoriya GEOKhI AN SSSR 
(Laboratory of the GEOKhI, AS USSR) under the direction of N. I. Khitarov 
dealt with the drying of gases by means of the natural zeolites natrolite, 
desmine, thomsonite and limonite, while the use of the chemical-catalytical 
method for the production of natrolite granules was tried out at the IGI 
AN SSSR (IGI, AS USSR) under the direction of B. A. Onusavtis. 

D. P. Dobychin elaborated a process for the production of porous glasses 
of the molecular sieve type yielding a molecular sieve witn a porosity 
close to that of the CaA zeolite from the Wa-7/23 (Ka-7/23) glass, and one 
with a porosity similar to that of the NaX zeolite from the Hor 10/30 
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(Na-10/30) glass. A number of investigations of the structure and ad~ 
sorption of synthetic and natural zeolites was conducted at the Institute 
of Physical Chemistry. AS USSR under the direction of M. M. Dubinin. The 
distribution curves of the zeolite crystals were determined ty the elec- 
tron microscope investigation conduced by V. NM. Luk'yanovich. : 
D. P. Timofeyev studied the kinetios of steam adsorption, A. ¥. Kiselev 
the adsorption of nitrogen, benzene vapors and hexane on the molecular 
sieves NaA and CaX as well as the adsorption of benzene and n-hezane and 
their mixtures on the molecular sieve CaA. X-ray photographic investiga- 
tions were made under the direction of N. A. Shishakov. Studies conducted 
under the direction of I. Ye. Neymark at the Institute of Physical 
Chemistry, AS USSR showed that the equilibrium adsorption on zeolites is 
well described by the potential theory, and that the thermal stability of 
zeolites drops in the sequence CaA>KADNSADNE A. The properties of Soviet 


and American molecular sieves during drying of gases were compared at the 
Leningradskiy tekhnologicheskiy institut im. Lensoveta (Leningrad Techno~ 
logical Institute imeni Lensovet) under the direction of T. G. Plachenov 
and G. M. Belotserkovskiy. Studies on the drying and purification of gases 
by means of molecular sieves were conducted at the Moskovskiy khimiko~ 
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HYPARHINA, Ye,%,; RACHINSKIY, V.¥.; BELEN'KAYA, I.M.; SHUVAEVA, 0H; 
ROGINSKIY, S.%.; YANOVSKIY, N.I.; FUES, N.A.; KISELSV, A.V.; HEYMARK, I.Ye.; 
SLINYAKOVA, 1.B.; KHATSET, F.I.; LOSEV} I.P.; TROSTYaNSKAYA, Ye.B.; 

TEVLINA, A.3.; DAVANKOV, A.B.; SALDADZE, K.M.; BRUMBERG, Ye,M,; ZHIDEKOVA, 
%.V.; VEDENERVA, N.Ye.; HAPOL'SKIY, S.A.; MIKHAYLOVA, Ye.4,; KAZANSKIY, B.d.; 
BYABCHIKOV, D.I.; SHEMYAKIN, ¥.M.; KRETOVICH, V.L.;BUNDEL', A.A.; SAVINOV, 
B.G.; VEND?, V.P.; EPSHTEYN, Yo.A, 


3 [Research in the field of chromatography transactions of the All-Union 
Conference on Chromatogranhy, Novenher 21-24, 1950] Issledovaniia v oblasti 
khromatografii; trudy Vaesoiusnogo soveshchaniia po khromatografii, 21-24 
nofabria 1950 g. Mosi.va, Isd-vo Akademii nauk SSSR, 1952. 225 v. 

(MLBA 6:5) 


1, Akademiya nauk SSSR. Otdelenie knimicheskikh nauk. 
( (Chromatographic analysis) 
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DUBININ, M. M. 


USER /Cheaistry ~ Adsorption Sep/Oct 52 


"Adsorption of Gases and Vapors and the Structure 
of Adsorbents (7th Mendeleyev Lecture, Leningrad, 
7 February 1952)," MN. M. Dubinin, Moscow 


"Yspekh Khim" Vol XXI, No 5, pp 513-533 


Reviews the work done by himself and collaborators 
on this subject during recent years. 
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Consress of the Hungarian Chemists. Priroda 41, No 1, 1952. 
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DUBININ M. M. (ACAD) 


USSR /Chemistry - Adsorption 21 May 52 


"The Effect of the Poré Structure of Adsorbents on 
the Shape of the Adsorption Isotherm of Vapors," 
Acad M. M. Dubinin 


"Dok Ak Hauk SSSR" Vol LXXXIV, No 3, pp 539-542 


Summerizes former work done by himself and his asso« 
ciates on the subject and formulates general rela- 
tionships as well as their specific applications to 
adsorbents of different chem types (polar substances, 
e.{-, quartz, silica gel, alumina-silica gels as com- 
pared with nonpolar substances, e.g., carbon), ad~ 
sorbents of the same type having different pore sizes, 
and adsorbed substances which are poler (e.g., methyl 
neheptane). 225T10 


APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000411320009-1" 


"APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000411320009-1 


DUBININ, M.M., akademik, otvetstvennyy redaktor; KISZLBV, A.V., professor, 
re or; LUK'YANOVICH, V.M., kandidat khimicheskikh nauk, redaktor. — 


(Methods of studying the structure of highly dispersed and porous 
bodies; transactions of the conference of June 25-29, 1951] Metody 
Aseledovaniia etruktury vysokodisperenykh { poriatykh tel; trudy 
soveshchaniia 25-29 iiunia 1951 g. Moskva, Izd-vo Akademii nauk 
SSSR, 1953. 163 p. (MLRA 7:4) 


1. Akademiya nauk SSSR, Otdeleniye khinicheskikh nauk. 
(Porosity) (Adsorption) 
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DURININ, MLM. 
Berea RETA EAT it wares : fax 
orts at the 13th International Congress of Pheore 
pega tet Chenistry; Stockholm, 1953] Deklady na XIII Mesh- Fe 
dunarednom kongresse teoreticheskoi 1 prikladnoi khimii; Stekgo i 
1953. Moskva, Ind-ve Akademii nauk SSSR, 1953. 350 p. (MEHA 725 


1. Congres international de chimie pure et appliqués. 
(Chemistry--Congresses) 
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5 i a 
DUBININ, HM. M. 


“Adsorbtelya Gazov I Parov I Struktura Adsorbentov," 


XIIIth International Congress of Pure and Applied Chemistry, XVIIth Conference 
of the Union (IUPAC) Stockholm, Jul 29 - Aug # , 1953 Uppsala August 5-7 1953 


APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000411320009-1" 


"APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000411320009-1 
Reanaers vemety “DAVE, Bede) Vuwscammy womens PeESeeee ty . 
Yolunetric-chromatographic method for gas analysis. Dokl,AH SSSR 90 no,4: 
577-579 Je '53. (MLBA 6:5) 


1, Akademiya Nauk SSSR (for Dubinin)., 2, Nauchno-issledovatel'akiy insti-~ 
tut khimii pri Gor'kovakom gosudarstvennom universitete (for Vyakhirev, 
Bruk, Guglina). (Gases--analysis ) 
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Sorptive properties of baked calcium and magnesium oxides. Be erre ern 
90 no.4:591-59% Je '53- (MLRA 6: 


aka- 
le Akadeniya nauk SSSR (for Dubinin), 2. Institut khimii silikatov 
demii nauk SSSR (for Nikitin). (Oxides) 
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Chromato-thermographic separation of dissolved substances, Dokl,AN SSSR 
90 no.4:611-614 Je ‘53. (MLBA 6:5) 


1, Akademiya Rauk SSSR (for Dubinin). (Chromatographic analysis} 
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BERING, B.P.; SERPINSKIY, V.V.; DUBININ, .M., akademik, 


Volumetricegravimetric method for measuring the adserption of gaseous mix- 
tures. Dekl.aN SSSR 90 no.5:811-814 Je '53. (MLBA 6:5) 


1, Institut fisicheskey khimii Akademii nauk SSSR (fer Bering, Serpinskiy), 
2, Akademiya nauk SSSR (for Dubinin). (Gases) (Adsorption) 
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DUBININ, M.M., akademik; LUK'YANOVICH, V.M.; RADUSHKRVICH, L.V. 
Blectron-microscopic investigation of the form of transitional pores in 


activated carbons obtained from sugar. Dokl. AN SSSR 91 no.3:585-587 Jl 
'53. (MLBA 6:7) 


1. Institut fisicheskoy khinii ékademii nauk SSSR (for Ink'yanovich and 
Radushkevich), 2, dkademiya nauk SSSR (for Dubdinin). 
(Carbon, Activated) (Electron microscope) 
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AVGUL', N.H.; DZHIGIT, O.M.; KISELEVY, A.V¥.; SHCHEHBAKOVA, K.D.; DUBINIB, M.M., . 
akdenik, heat ess oe 


Isotherm and heat of adsorption of water vaports on carbon black, Dokl.4¥ 
SSSR 92 no.1:2105-108 S '53, (MERA 6:8) * 


1, Akadeniya nauk SSSR (for Dubinin). 2, Institut fisicheskoy khimii Akademii 
nauk SSSR (for Aveul', Dshigit, Kiselev and Shcherbakova). 3, Moskovskiy gosu- 
darstvennyy universitet im. M.V.Lomonosova (for Avgul', Dahigit, Kiselev and 
Shcherbakova ). (Adsorption) (Water) (Carbon black) 
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BORESKOV, G.K.; SLIN'KO, M.G.; VOLKOVA, Ye,I.; DUBININ, M.M., akademik. 
Raine 


Catalytic activeness of metals and platinun-gold alloya in relation to the 
oxidation of sulfur dioxide. Dokl.AN SSSR 92 no.1:109-110 S '53, 


(MLRA 6:8) 


1, Akademiya nauk SSSR (for Dubinin). 
(Catalysts) (Qxidation) (Sulfur dioxide) 
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DUBININ, M.M., akadenik; ZAVERINA, Ye.D, 
Sorption of water vapors by active carbons. Dokl.AN SSSR 92 no,1:111-114 
s 153. (MERA 6:8) 


1, Akadomiya nauk SSSR (for Dubinin). (Sorption) (Water) 
(Carbon, Activated) 
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VYSOTSKXIY, Z.2.; NEYMARK, 1. Yee DUBIN, KLM, akadenik, 


Effect of the hydrophobic component of nixed sorbents, on the mechanism of 
formation of their porous structure. Dokl. AN SSSR 92 20.23357-3959 S '53. 
"(WBA 639) 


1, Akademiya nauk SSSR (for Dubinin), 2, Institut fisicheskoy khimii im, 
K.V.Pisarshevskogo Akademii nank Ukrainskoy SSR (for Vysotekiy and Neynark ). 
(Sorbdents ) 


APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000411320009-1" 


"APPROVED FOR RELEASE: 08/22/2000 CIA-RDP86-00513R000411320009-1 


KARNAUKHOV, A.P.; KISELEV, A.V.; KHRAPOVA, Ye.V.; DUBINIH, M.M., akadenik. 


Adsorption of nitrogen vapors on carbon black. Dokl.AN SSSR 92 no.2:361~364 
5 '53. (MERA 6:9) 


1. Akademiya nauk SSSR (for Dubinin), 2, Moskovskiy gosudarstvennyy universitet 
im, M.V,Lomonosova (for Karaukhov, Kiselev and Khrapova), 
(Carbon black) (Adsorption) (Nitrogen) 
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NIKITIN, Ye.N.; DUBININ, M.M., akademik. 
ce ea LONE RISE teh 

Sorptive properties of sintered equimolecular mixtures CuO ~ &r0,, and 

MgO ~ Zr0,. Dokl, AN SSS2 92 no.3:617-620 8 '53. (MbBA 639) 


1, Akademiya nauk SSSR (for Dubinin), 2. Institut khimii pilikutoy Akade- 
mii nauk SSSR (for Nikitin). (Sorption) (Solutions, Solid) 
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TSITSISHVILI, G.V.; BARNABISHVILI, D.I.; DUBININ, H.M., akademik. 
anor Res oe 


Effect of acid treatment on the properties of bleaching clays. Vokl,all S&SR 
92 nn.326339-635 8 '53. (MLHA 6:9) 


1, Akademiya nauk SSSR (for Dubinin). 2. Inetitut khimii im. P,G,Melikish- 
vili Akademii nauk Gruginskoy SSR (for Teiteishvili and Barnabishvili), 
(Sorbente ) 
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AVGUL', N.H.; DZHIGIT, 0.M.; KISELRV, A.V.; SHCHERBAXOVA, K.D.; DUBININ, M.M., 
akadenik. ict ioe! 


Isotherm of the heat of the adsorption of methyl alcohol on carbon black. 
Dokl. AN SSSR 92 no.6:1185~1188 0 '53, (MLBA 6:10) 


1, Akademiya nauk SSSR (for Dabinin). 2. Moskovakiy gosudarstvennyy universi- 
tet im, H.V.Lomonosova, Inatitut fisicheskoy khimii Akademii navk SSSR (for 
Avgul', Dshigit, Kiselev and Shcherbakova). 

(Methyl alcohol) (Adsorption) 
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BERING, B.P.; IOYLEVA, K.A.; DUBININ, M.M., akademik. 
teerineetininten ie td 
Vapor adsorption on the surface of mercury. Dokl. 4N SSSR 93 no.1:85~-88 HN '53, 
(MLRA 6:10) 


1. Akademiya nauk SSSR (for Dubinin). 2. Institut fisicheskoy khimif Akademit 


nauk SSSR 1 Moskovskiy gosudarstvennyy universitet in, M.V.Lomonosova (for 
Bering and Ioyleva). 


(Mercury) (Adsorption) 
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face of Pores of Sorbents with Typical Experimental Material. 
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Abstract : I. Various methods of computation of the distribution of the 
volume and surface of pores in accordance to their dimensions 
in case of porous sorbents were compared on the basis of ex- 
perimental isotherms of vapor sorption. It is shown that the 
methods based on the theory of capillary condensation (CC) and 
on considering adjustments for vapor adsorption practically 
differ very little one from another. The change in the sur- 
face S, of a cylindrical pore with the increase of the layer 
thickness is not taken into consideration in the lst variation 
of Dubinin's method, and in the 2nd variation it is taken 
into consideration approximately but simply; the adjustments 
for the volume V, and for 1 in the methods 1 and 2 are intro- 
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duced on the basis of the experimental adsorption isotherm 
of the selected vapor on a non-porous adsorbent of the same 
chemical nature (quartz in case of silica gel, soot in case 
of active carbons, etc.); the point on the isotherm, at which 
the hysteresis starts, is accepted as the lower boundary of 
the applicability of the methods 1 and 2, which is physically 
justified, if the departure point was the CC theory. It is 
noted that the computations by the method of Barrett-Joiner- 
Halend, which 1s the most rigorous from the point of view 

of the assumed geometrical model of the sorbent, become very 
cumbersome, and a series of simplifications, which are not 
justified physically, are introduced to render the computation 
easier. ‘The methods, in which 1 is assumed to be constant in 
the region of CC, are also discussed. 

Il. The distribution acording to the dimensions of the volume 
and surface of pores was computed by the mthods 1, 2, and 3 
using bibliographical data about the sorption of N, at 78.1°K 
on & relatively fine-porous aluminosilicate catalyst (ASC) 

(p / pg 0.35 to 0.95) and the isotherms of CéHg sorption 
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recorded by the authors at 20° on active carbon (AC) with a 
developed transition porosity (p / Pg 0-75 to 1.00). The 
sdjustment for the adsorption of No on ASC was computed using 
the computation tables of the method 3, and the adjustent 
for C6H¢ adsorption on AC was computed using the adsorption 
isotherm of C6Hé at 20° on spenone-6 sooth. It is shown 
that the computation results by all the three methods are 
close, and that the results by the 2nd and 3rd methods are 
Practically the sawp. Of all the approximate methods, in 
which 1 is assumed constant (and, according to Dubinin, 
corresponding to the value at the start of CC, but according 
to Olton, corresponding to the mean value of the CC region) 
or equal to zero in the limiting case, the Dubinin's method 
yields results which are the closest to the results obtained 
by rigorous methods. It is shown than among the rigorous 
methods, the most preferable is the énd. The conclusion is 
arrived at that the rigorous methods based of the CC theory 


should not be applied to silica gels and other sorbents 
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similar to them with a pore radius under 15-A in consequence 
of the rise of adsorption potentials in fine pores (a / ), 
and that in case of apolar AC-s, where 4/ is still greater, 
these methods are applicable only to the computation of the 
distribution of transition pores; the approximate methods 

may be applied only at relatively uniformly porous sorbents 
and on condition that the constant thickness of the adsorption 
layer is selected for p / Pg answering the most probable 
efficiency radius of the sorbent pores. 
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molecular screens 


PERIODICAL: Akademiya nauk SSSR. Izvestiya. Otdeleniye khimicheskikh 
nauk,no. 7) 4961, 1163-1191 - 


TEXT: Communication 2. Confrontation of calculated and experimental 
extreme values of adsorption and of adsorption volumes for synthetic 
zeolites of the type A. In this work an attempt was made to calculate the 
extreme values of adsorption and adsorption volumes of completely de- 
hydrated crystals in Na (NaA) and Ca form (caA) on the basis of data sup- 
plied by the literature on X-ray structural analysis and on the chemical 
composition of crystalline unit cells of synthetic A type zeolites. The 
aim of the present study was to compare the calculated values with those 
obtained by experiments. fo achieve this task, amply sufficient information 
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on X-ray structural analysis was contained in Refs. 5, 6, and 8 (Ref. 5! 
T, Be Reed, D. W. Breck, J. Amer. Chem. Soc. qs, 5972 (1956); Ref. 6: 

R. M. Barrer, W. M. Meier, rans. Faraday Soc. 34) 1074 (1958)s Ref. 8 
L-Broussard, D. P. Schoemaker, J. Amer. Chem. Soc. 82, 1041 (1960). The 
main characteristics of the, porous structure, the extreme values of ad- 
sorption and adsorption volumes, 48 well as some properties of dehydrated 


unit cells of completely hydrated A-type zeolites in sodium and calcium 
form, ag well as on the parameters of unit cells. Data used and results 
of calculations are collected in Table 1. It is concluded herefrom that 


average by 2.5 per cent higher than those of X-ray densities. Water 
content in completely hydrated zeolite crystals is by about 10 per cent 
higher with Ca form than with Na form. This is in relation to the higher 
hydrate water content and lower molecular weight of unit cells of CaA 
zeolites. The cavity volumes show a difference of about 12 per cent 
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AUTHORS: Dubinin, M. M., Zaverina. Ye. D- (Deceased) » 
—paktyanovien, Vs M., and Kharlamov, N. P 


TITLE: Investigation of the adsorption properties and the 
secondary pore structure of adsorbents having *hé effect 
of miorofilters- Communication 4, Components of grains 

of synthetic A-type zeolites 


PERIODICAL: Akademiy® nauk SSSR. Izvestiya: Otdalensye khimicheskikh 
nauk, no» 5» 1961, 4380-1287 

TEXT: In sorption technique gynthetio zeolites ara mainly used in *he 
form of grains, tablets, 90 palle. The main components of the grains are 
orystalline zeolite powders and binding agents. In order to clarify ‘he 
properties of these components, the authors invest seated the dispersity of 
zeolite orystals and their adsorption properties ag wall 28 the share of 
the binding agent jn sorption. crystalline gpacimens of A-*yP? zeolites 
were used, whioh were aynthetized py aome Soviet aoqent sats: I. ye. Neymark 
(Nm), Ye- y. Mirskiy (ur), L. M. Makeimova (Mk) and B A. Lipking (Lp). 
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The designation of the specimens is composed of the abbreviated name of the 
scientist and the specimen number given cy him. American commeroial 
specimens in the form of orystalline zeolite powders cf the types 4-A and 
5-A by the firm of Linde were used for comparison. Tc the sodium form 
(Nad) belonged: Hm -300 (Nm-300), Nm-347, “p-275 (Mr~275), WK-90 (Mk-90), 
Mk-1 experiment, M-202-2 (Lp-202-2) and Linde 4-A. To the salcium form 
(Cad) belonged: Mr-276 and Linde 5-A. Tha specimens were photographed in 
an electron microscope of the type Y3M-100 (UEM-100) with 800-fold 
magnification. Further magnification was achieved optically. The photo- 
exvaphe made of different places of the preparations were statistically 
evaluated after magnification. Distribution curves of these crystals 
according to their size were plotted on the basis of these data. The 
zeolite specimens synthetized by Neymark and Mirskiy were found to be 
distinguished by relatively close distribution. Crystals of the size of 
0.75 « are predominant in the preparations by Neymark and of the size of 
1.2 p in those by Mirskiy. The zeolite specimens prepared by Maksimova and 
Lipkind are not only more coarsely disperse, but also have a wider 
distribution of the orystals. Benzene was used for investigating the 
adsorption properties. The adsorption isctherms were datermined at 20°C 
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follows: D. W. Breck, W. G. Eversole, R. M. Milton, T 5B. Read, 

T. L. Thomas, J. Amer. Chem. Soc. 78, 5963 (1956); T. Bo Read. D W. Breck, 
J. Amer. Chem. Soc. 78, 5972 (1956); R. M. Barrer, W. M. Meter. Trang. 
Faraday Soc. 54, 1072 (1958); L. Broussard, D P. Shcemaker. J. Amer. 
Chem. Soc. 62, 1041 (1960). 


ASSOCIATION: Institut fizicheskoy khimii Akadem{i nauk SSSR (Institute 
of Physioal Chemistry, AS USSR) 


SUBMITTED: December 12, 1960 
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AUTHORS: Dubinin, M. Mes Vishnyakova, M. M., Zaverina, Ye. D- 
Deceased), Thukovskaya, Ye- G., and Sarakhov. A. I. 


TITLE: Investigation of the adsorption propert125 and gerondary 
pore structures of adsorbents havirg the affeot of miore- 
filters. Communication 4. Granulated synthetts zeolites 

of the A-type 


PERIODICAL: Akademiya nauk SSSR. Izvestiya. Cidelerniye phim chneskikh 
nauk, no. 8, 1961, 1387-1395 ’ 


TEXT: The authors invastigated the adsorption properties, the secondary 
pore structures of the grains and their apparan" and gravimetris deaatty. 
Granulated A-type zeolites obtained by Soviet astarsist 3 tra teaginnin 
of studies in the field of zeolite gynthesig, wer investigated. A numbar 
of specimens by Ya. V. Mirakiy (Mr) were nyad, daring the pesduction of 
which the pressure was repeatedly shang]d, and une ape dnen by 

B. A. Lipkind (Lp). The designation of the samples i: sempcagd of tha 
abbreviated name of the producer and the spe cine? cumber given ty him 
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Investigation of the adsorption... 17/5 
Two specimens each of granulated zeolites by the American firm of Linda (I) 
and (II) in the form of grains with 1/8" diameter were ased for comparison, 
To the sodium form (Nad) belonged: Mr-296. Lp-2O¢-., Linde 4A (1), 

Linde 4A (Ii). To the calcium form (CsA) baivaged: Mr-297, Mr-347, 
Mr-372, Mr-360, Linde 5A (I) and Linde SA (II). The isctherms cf sorption 
and desorption of benzene vapors were datermined by sorypsien sales in 
vacuum. The specific method for experiments with caclites saa previously 
described by M. M. Dubinin (Ref. 3: Izv. AN SSSR. Otd. khim. ne, 1961, 
750). The isotherms determined had generaliy the sims iharaster as these 
mentioned by the authors, Ye. A. Leont'yev and V. M. Luk yancvith 

(Ref. 2: Izv. AN SSSR. Otd. khim. no, 1961, 396) Adscrption isotherms 
of water vapors were measured by sorpticn scales in vacuum for direct 
comparison of the adsorption properties of granulated, completely 
dehydrated zeolites. The secondary pore structure cf the yraing was 
investigated by pressing in mercury, and according to the scrption method. 
Mercury porometry makes it possible to determine the distribtution of the 
pore volumina according to their effective radii in the range of 


1°10” to 15-25 R. From the isotherms of Capillary sordensation ef vapors 
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of substances, for which the pore struoture of zeslite crystals (primary 
porosity) is inaccessible, sorption volumina or the summary pcre volumina 
with effeotive radii below 100 A might easily te found. From theos data 
the total volume of the seoondary pore structure may be salculated. In 
experiments with meroury, low- and high-presaure pere metera were used 
(Ref. 4: M. M. Dubinin, A. I. Sarakhov and G. A. Ryatike*, 2h. fiz. 
khimii 32, 1404, (1958); Ref. 5: M. M. Dubinin, M. M. Vishnyakova, 

Ye. G. Zhukovskaya, Ye. A. Leont'yev, V. M. Luktyancvion, A. 7. Sarakhov, 
Zh. fiz. khimii 34, 2019 (1960)). Zeolite grains which were ip equilibrium 
with the air humidity were applied. The main characteristics of the 
secondary pore structure of zeolite grains are listed in Tatle 3. Table 4 
contains information on the volums of the sesendary pire stratture. When 
applying zeolite grains in practice, it is not the adscrpiiv= power of the 
unit of mass of the grains which is of vita! imperterc-, bat the unit of 
volume of the grain layer. Therefore, the correlation mist be established 
between adsorption properties as well as apparent density cf the zeclite 
granules and the volume of their secondary pore stricture This problem 
may be solved if composition of zeclite grains and »olucea of oadary 
pores are known from experimental data. The -alsisated acd syperimental 
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characteristio features of A-type ceolite grains are ccupared with each 
other in Table 5. The values for the apparent grain density agrees well in 
general. The deviations amount to a maximum of '3% Tra .alculated and 
experimental maximum adsorption voluna fer wat-r are stulilar fir Nad graings 
For most of the CaA grains of Soviet and American srig.s, the saximum 
adsorption volums are below the values caleulated from the cpyetal oonsent. 
A part of the highly disperse zeolite crystals, iecs in TAA wrainga, dg 
obviously excluded from the adsorption process for yet -in-larified reasons. 
The latter are being investigated at praesent. The wampariacn of tha 
granulated A-type zeolites synthetized by Soviet scientists with 
corresponding American speoimens showed that with respect to uheir 
adsorption properties they are only identioal at ine surface 22 seccadary 
pores. This concerns the accessibility of the pore stracture of the 
actual zeolite orystals for the adsorbable molezules, a3 #4ii as the 
adsorption of bigger molecules. The zeclite grains :rvestiguted show 
strengly differential volumina of the secondary pore atrusture That is 
the main reason for the fact that the apparent and gravimatrs: dansity and 
thus the adsorption properties of granulated zeolites are different for 
the units of volume of the grain layers, The authors ‘hank B. A. Lipkind 
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: fa. We Mirakiy for’ supplying specimens and experimental data on 
sonaeent danatttes of the grains, There are 2 figures, 5 eye acon 
7 references: 5 Soviet-bloo’ and 2 non-Soviet-bloc. The two - ; 
_ to English-language publications read as follows: D. W. ape pie | 
Ww. G. Eversole, R. M. Milton, T. B. Read, T, L. Thomas, J. ’ se Pe 
~ goo... 78, 5963 (1956); R. M. Barrer, W. M. Meier, Trans. Paradey Soc. 54 
1072 (1958). ; ; 


ASSOCIATION: Institut fizicheskoy khimii Akademii nayk SSSR (Institute, , 
of Physical Chemistry, AS USSR) : 
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TITLE: Adsorption Properties and Microporous Structure of Industrial Active 
Carbons 


PERIODICAL: Zhurnal Prikladnoy Khimii, 1964, Vol. 34, Now 1. pDpe 113-120 


TEXT: In the present paper an attempt was made to classify active carbons 

used as adsorbates. The "potential theory of adeorption", developed by the 

present authors [Ref.4: ZhFKh, 21,1351 (1947), Ref.5s ZhFKh, 23,1129 (1949), 

Ref.6: Izv. AN-SSSR, OKhN, 1165 (1958), Ref.7: Izv. AN SSSR, OKhN, 981 (1959), i 

Ref.8: Izv. AN SSSR, OKhN, 7,1153 (1960)}, 18 discussed and active carbons 

were divided into three groups: 1, Gas-retort carbons used for adsorption of — 

gases and vapora of high-boiling substances; 2. recuperative carbons provided 

for adsorption and recovery of vapors of solvents; 3, decoloring carbons for 

separation of substances from solutions and decoloration of solutions and liq- 

_wuids. The potential theory of adsorption correlates the micreporous struc- 
ture of active carbons with their adsorption characteristics. Hence these 
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adsorbates can be classified by the different types of structure. Active car- 
bons with small micropores have the greatest adsorption capacity and repre- 
sent the first type of structure. For these adsorption a (in millimole per 
gram) is caloulated at a definite temperature T and in equilibrium pressures 
p/p, by the following equationa: 

1. for vapors at TST loga=C-D (log p,/p)* (1) 


te 
where C = log W,/v* potdcterk notes error, in original paper S* instead 


2 of v* 
and D = 0.434*BeT>/B“s (3) 2 
2. for gases at TS>Toyit.. log a= C -D (loge porye./p)? (4) 
where C = log W,/b and tT = T/T,.4;4, (6) 


These equations contain two structural constants, 1,.e., Wo = boundary volume 
of adsorption space (4.e. total volume of micropores) and B « constant, de- 
pending on the size of micropores; v* = volume of 1 milliwole of adsorbed va- 
por, b = Van der Waals constant, 6 = cgefficient of affinity of characteristic 
ourves (approximately expressed by B = <= 7). P = parachor of the investigat- 


Po 
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ed and P, of standard adsorbed substance). W, and B were determined by the 

adsorption isotherm of the adsorbed standard substance (p = 1). The values 

of Pst Por eoue and v oan be taken from tables. The second type of struc- 
ture is represented by active carbons with only great micropores and no ef- 

fect of an increasing adsorption potential is to be observed. Equations for 
the adsorption of vapors 


(P< Torit,) are given by: log a = M- N log p,/p (8) | 
where M = log wi, /v*, (9) N= 0.434 4 TA (10) 


Equation (8) contains two structural constants W)«= boundary volume of ad- 
sorption space and the constant A with an approximate value 4°1073 if the 

carbon does not have many emall micropores. Active carbons with small micro-~ 
pores and greater micropores belong to the mixed structural type. This ad- ~~ 
sorption theory yields a scientific explanation of the above-mentioned clas- 
sification and also a determination of a certain number of carbon samples 

within each atructural type for specific uses in industry. Based on a gené- 
ralization of investigations of many years into active carbon samples used in 
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laboratory and industry in the present paper, oarbons produced in the USSR 
and abroad are classified according to their use. Using the vaouum method, 
evacuation of carbon samples occurred at 450°C to a residual pressure of Jo 
10-© torr and then the adsorption characteristics were determined for adsorb- 
ing benzene vapor (fp = 1) at 20°C. Constants of the adsorption isotherm equa- 
tions and characteristios of investigated carbons are presented in Tab.1-4. 
Industrial active carbons of the gas-coal type generally belong to the first 


structural type. Only AG and Au-32 types belong to the mixed structural type 
and their adsorption properties are not characteristic for the gas-coal type. 
Adsorption ocours in carbons of the first structural type in a volume limited 
py the partitions of the micropores. For the investigated samples of this 
type the wolyne'ct micropores is 0.22-0.62 em?/g. Micropores with a volume 


above 0.4 om?/g are ocharacteristio for carbons used in chemical activations. 
Increase in volume of micropores effecte a ohange in adsorption properties, 
but the latter are more affected by a change in the constant B, especially 
adsorption properties of gases and vapors of highly volatile substances. In- 
dustrial recuperation carbons belong generally to the mixed structural type, 
Card 4A44_ 
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while decoloring carbons all belong to the second structural type. There 
are 4 tables and 12 Soviet references. 


ASSOCIATION: Institut fisioheskoy khimii AN SSSR (Institute of Physical 
Chemistry of the 4S USSR) 


SUBMITTED: July 4, 1960 
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48 


PERIODICAL: Zhurnal Prikiadnoy Khiali, ~ 34, “2: 2, 


TEXT: prsced o> "*ne posential unecry' of ph 
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On xathenal types of ‘adustrdal active carpices, A fat? 
- sae S n~ s 
potption of gages and vapors presented An Ref {| can he arpresesa by 
on. of 8 e p aae Ee 3 
awa FP (whera ao W Ak asd a © Limited anoust of adecrted gas ot 
ape Woon Wl?) MLdattead volume of adaccpticn spare. 4 (ot b) © mean 
ae ry ‘ tn piilincial, FP cepreaanta the respective 
volnze of adacHbad saletanse dn mlil R418; > te manta Fb ae 
Valse sf adeirtption at gives experimectal coneits ons Vp, F, eet 4 38,28 
Lae of ateirpt te Zz Nbr Az me eine 
by the prasect a.ther "the adsertauzitty factirt, The practsc as iscaad 2 
’ a ; Libr 1n8, 
aotive sattong 26 determined not cooly by @qusiidz - 
tpticn kinet! nisoales ‘ 
ales vy Kinetics properttez. Adsorptiin ine’. i ecg o 
fasion tranafer of ths adectbed substernses to the Z.crspores oer 
perea", Lote, Barsa- and tranaltion porag.e Asi¢raing %5 saveatigast:n8 ke 
by the grezent autaor the diffueton tranofer towards micropores rhe ocEplsta- 
: i ~ “ ws giantary 
ly secazred with maj;sipoze ‘volumes of 0.15-0.¢0 «pass and: Sede hee ee 
voluzea cf 0.05 om?/g. The value a, does noz depend noviseat-y7 pecnaag iad 
6x44 ttive carbo 
in W.. Muah greater effest on adsotption proper ’~68 of active ca 
3 


a change cf the constants B and A discussed in the presion “paper ged ae 
The presen+ claseifisation of active carbons as edsce bens’ is bare ee 
vestigations cf the adsorbabiiity factore F. In order 23 encanta ; 

sults of theoretical analyses, the factor F waa calcuiated for 20” an 
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On rational types of industrial active carbons... A057/ki29 


100°C at p = const. for ethylene, tetrafluorcethylene and benzene, i+@e, 
substances with a very different adsorbatil:*y on active garbens. The 
effect of decrease in adsorbability wae characterized by the factor TJ = 
F(p, 100°C)/F(p, 20°C) and asoording to descrption characteristic and 
equilibrium pressure p by A = F(0.1 ps 100°C)/F(p, 20°C). Results (Tat 2) 
obtained for G-type carbons demenssrate the s*rcng effect of the change of 
the structural conetent B on adsorbability already sbserved (Ref 1). In- 
crease in B by 3 times desreases ethylene adsortabi.i*y (p, 20°C) absut 

46 times, and tetrafiuoccathyledae adoorbatliity by alzcet 5 times. The 
difference in adecrbability of these two eubs‘ances iacreases with tempera- 
ture. Carbens of the G-type muat belong to adeorbents of the firas 
atructural type ang sould be classified in the folicwiscg 4 groupe asoording 
to a value of Be10° (using benzene a8 etandard)s 1 -4(G-,) 0.40-0.55; 

f ~2(G-2) 0.55-0.70, f ~3(0-3) 0.70-0.95, F ~6(G-4) 0.85-:.0. Since these 
earbons are uged in installaticne with fiutdized dede they mugt have 4 
high grinding resistance. Ia 4nvestigatione cf active recuperation car- 
bons adeozption and desorptisn isapacity was considered, sinse repeated 
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eorpticn-desorptior syzies were sarried cut with these carbone in practice. 
Results obtained for R-type carbons demonetrate (Tat. 7) that in active 
carbons tf the first strastural type F dces not snange ceticeably with B 
at room temperature, thus adesrptica is determined principally by a.. In 
active carpens of the second structural type a acnaiderable effest of 
shanges in the .sonetant A cn adsorbabiility Sa +o be obaerved, eaperttally 
at higher temperatures Fer the firat structural type desorption ocours 
favorably at BZ 1°:0°°, and espesially fcr sersnd etrastaral typs aarbons 
at Am2*t0-2. On the cther hand ail carbene cf the R-type group belong 
to the mixed structural type (see Ref 1}. Avccrding *¢ Table 3% the presen* 
author censidera only two groupa of R-type carbecs as suitable: Pp .+(R-1) 


lestherm sf the firat structural type,at Be!0°H %, and P -2(R-2) teotherm 
of the second atruotural type at Act0~ » 2-3 acd appiicabiiity of the 
equation for tha adsorption cn adsorbents of the second atructural type 
(see Ref 1) tc a wide ingezval of p/p.» Methcds for the manufacture of 


R-type carbons with A°10/ 73 should fe developed snd shus grcup p ~3(R-3) 
should be obtained. Aative varbens cf the D-type sac be classified on the 
basis of R~- and G-type varbone, since for the adsorption cf substances with 
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pmall molesular weighta aotive carbone -f the firet etrustural type (not 
tos smali B vaiuee) can ba ased. Fer adsorptica cf high molecula> and 
collcidai impurities (dyes eto.) active cactcns .f the seocnd structural 
type are suitable. Thus for the first structural type grcup OL -1(DI-1) 
corresperding +) 7 +-3(G-3), OF -2(DI-2) ocrresponding to 7 -4(9-4), and 
for the aescnd structural type Of ~i(DII-1) correspending to P -2(R-2), 
Om -2(DII-2) sorreapending to P -3(R-3) are sonsidered suitatie by the 
present auth:r. Since for the adsorption from Siquide not only the 
struoture, but alse the natare of the eurface cf the adecrbert is impor- 
tans, the group cf D-type sarbens shoald contain act-ve carbena sttained 
by differen*s methods (for example cxidized carbons with acid oxidea on 
the surface). There are 4 tables and & Scriet-dloo references. 


SUBMITTED: July 4, 1960 
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24.1100 B103/B203 
pa eed 
AUTHOR: Dubinin, M. M., Academician 
Boetsbntns tel Poon) 
TITLE: Composition of elamantary eells and limit adsorption volumes 


of dehydrated crysvais of syntnetic zeclites 
PERIODICAL:  Akademiya nauk SSSR. Doklady, v. 138, no- 4, 1961, 866-869 


TEXT: On the basis of the shape and size (known from X-ray structural 
data) of the elementary cell of dehydrated crystals of synthetic zeolites 
of the A type it is easily possible to calculate the total volume of the 
call and the limit adsorption volume of one unit of mass of such crystals 
which are accessible to molecules of different sizes. For zeolites of the 
X type this problem is solved with difficulty since here the centers of 
the cubic-octahedral units lie at the nodes of the diamond-like crystal 
lattice. Thus, the cages in the elementary cell are asymuetrically 
distributed. ‘The author attempts to solve this problem by calculating the 
apparer* volume of the cubic-octahedral unit on the basis of X-ray ' 
structural data of the elementary cell of A zeolite of the volumes of the 

feur- and six-membered oxygen bridges in the aluminum silicate framework 
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of the cells of A and X zeolites. According to the model of this frame- 

work of Na zeolite (Ref, 2: R. MW. Barrer, W. M. Meier, Trans.Farad.Soc., 

54,1074 (1958)), one elementary cell of the crystal contains one cubic- 

octahedral structural unit and three corresponding four-~membered oxygen 

bridges. On the other hand, one cell contains one practically spherical 
“super-cage" with a diameter of 11.4 and a volume of 776 Q3 » further 3 

one small cage inside the cubic ostahedron (diameter 6.6 Q, volume 150 ). 

If a, is the parameter of the elementary ce l of Nad, then the apparent 

volume of the cubic-octakedral unit Vie = 8) -~ (776 4 Vane) (68), where 

Lae is the volume of a-four-membered oxygen tridge. The author con- 

strusts the model of such a bridge which connects (by way of oxygen ions) 

she (Al,Si) ions lying at the endpoints of the four-membered windows of 

adjacent cubic-octahedral units. For the radius of the circumference 

of a normal section in the middle of the bridge he calculates the value \ 
3.7 R. If this bridge represents a cylinder with the said radius and a 3 
diameter of 2.8 { ‘diameter of the oxygen ion), then its volume is 116 A’. 

On tha bgeis of (8), the appavent volume of the cubic-octahedral unit will 

be 724 #7 for ay > 12.273t0.003 & (Ref. ?), i.a. for a volume of the 
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elementary cell of 1848 2 One elementary cell of NaxX zeolite with 
a = 24.94 2 (Ref. 4: Re M. Barrer, F. W. Bultitude, J. W, Sutherland, 


Trans. Farad.S0ce 53,1111 (1957)) and a volume of. 15513 9? contains eight 
cubic-octahedral ‘units with 16 connecting oxygen bridges. If Veor is the 


volume of such a bridge, then the total volume of aight "super-cages" 


3° 15513—68°724 — 16V¢,, (9) in one elementary cell. On the basis of a 


nedel constructed similarly to that of Nad zeolite, the author calculates 


Vy = 6490 A. Only the volume of these cages is accessible to most 


molecules of the substances adsorbed suoh as nitrogen, hydrocarbons, etc. 
Besides the "super-cages", the internal or small cages of the cubic octa- 
hedra are also accessible to water polecules through the "windows" 

(volume per cubio octahedron, 15 R ). Their total volume in one cell of 
Nax: zeolite, se = 150°8 = 1200 2. The total volume of all cages 
accessible to water molecules is V = Vs + ee =» 6490 + 1200 = .7690 9? (10). 
The limit. adsorption volume of 7670 93 practically corresponds to the 
number of water molecules (256) which, according to Ref. 4, is contained 
Card 3/5 
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‘in tne ‘elementary cell of fully hydrated NaX zeolite. In the’ introduction, 
the author disousses use, production, ‘and chemical composition of ‘A and 
X zeolites. He calculates the molar ratio $10,/A1,0, (x), while the 


number n brings the content of atoms (ions) of Na, Al, Si, and O in the 
framework of the elementary cell. into agreement with. X-ray structural 
‘data. Thus, n = 192/(2+x) (6) for NaX zeolite, while the analogous 
formula for NaA zeolite is; n = 24/(2+x).. The cubic-octahedral unit of 
A zeolite contains 12A13+, 12S514+, and 36 02-.,. whereas that of X zeolite 


contains 10 Ai; 14814*, and 36 0°°. 12 0°7 each belong to the oxygen 
bridges in A and X zeolite. The excess negative charges of the cubic- 
octahedral units and the corresponding oxygen bridges are compensated by 
Na*, whereby their number in the zeolite is’ also determined. The author 
thanks N. A. Shishakov for a discussion ‘of the results obtained. There 
are 1 table and’ 4 non-Soviet-bloc references. 2 references to English- 
language publications are mentioned above, the third reads ag follows: 
Ref. 3: L. Broussard, D. P. Shoemaker, J.Am.Chem. Soc. ,82, 1041 (1960). 
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ASSOCIATION: Inetitut figioheskoy khimii Akademii nauk Sssp (Institute 
of Physical Chemistry of the Academy of Sciences USSR) 


SUBMITTED: March &, 1961 
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Adsorption isosters in the potential theory, Dokl.AN SSSR 138 
n06:1373-1376 Je tél, (MIRA 14:6) 


1. Institut fisicheskoy khimii AN SSSR, 
(Adsorption) (Potential, Theory of) 
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[Synthetic zeolites; proparation, investigation, and uses] 
Sinteticheskie tseolity; poluchenie, issledovanie 4 pri~ 
menenie. Moskva, Izd=vo Akad. nauk SSSR, 1962. 286 p. 
(MIRA 15:10) 
1, Akademiya nauk SSSR, Otdeleniye khimicheskikh nauk. 
Xomissiya po tseolitam. 
a (Zeolites) 
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_ Aol B117/B101 
* . a , ; : 
AUTHGRS Dudinin, Me. Me, Zhukovakaya, Ye. G., and Murdmaa, K. 0. 
TITLE: Study of adsorption properties and secondary pore structure 


of adsorbents with molecular screen eftect. Communication 6. 
Adsorption of nitrogen and water vapors on X-type zeolites, 
and the potential theory of adsorption 


PURIODICAL: - akademiya nauk SSSR. Izvestiya. Otdeleniye khimicheskikh : 
“nauk, no. 6, 1962, 960 - 968 


: FAdsorption isotherms of nitrogen vapor (at =195°C) and water vapor . 
2293) ‘én dehydrated X type aeolites, in sodium and calcium form, were eee 


« 

t 

ai as) =-1 ; ‘ 7 

udied at 1+10 - 5°10 mm Hg. * Discussion of the results is based of : ra 
tnor's potential theory (Zh. fiz. khimii, 21, 1351 pee jbid. 23,  J2 
23 (1949); Chem. Revs. 60, 235 (1960)). Results 1) The X type zeo- 

iites belong to the first structural type (Dokl. AN SSGR, 131, 665 (1960)). ... 
Maerefore, the equation for the adsorption isothera developed for finely .. 7 : 
porous carbon adsorbents applies to it. (2) The limit volumes of the ad- , 

sorption space practically correspomd to the hollow space volumes of the 
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- zeolites as calculated on the basis of the X-ray structural analysis; : 
according to the potential theory they are, therefore, one of the main MD 
characteristics of the structure of the adsorbent. (3) The millimole oo ; 
volumes (cm?/mmale) of the adsorbed substances coincide well with the 
millimole volumes of its liquid phases. This supports the assumption that vw . 
substances in the adsorbed state have the same density.as in the liquid ~~ 
thase. (4) In case of water adsorption on X type zeolites electrostatic ° wo 
forces assist in increasing the affinity coefficient B to 1.65 (fs = 0.76 5 
for the nitrogen standard). There are 4 figures and 3 tables, 


ASSOCIATION: Institut fizioheskoy khimii Akademii nauk SSSR (Institute of 
Physioal Chemistry of the Academy of Soiences USSR) 


SUBMITTED: December 27, 1961 
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AUTHORS: _Dubinin, M. Mo, Zhukovskaya, Ye. G@., Murdmaa, K. Ov, and 
Polstyanov, Fe 


TITLE: Study on adsorption properties and secondary pore structures 
of adsorbents with a molecular sieve effect. Communication 
VII. Volumes of the cavitiee of dehydrated crystals of 
synthetic A and X zeolites, which are filled by vapor 
adsorption of various substances 


PERIODICAL: Akademiya nauk SSSR. Izvestiya. Otdeleniye khimicheskikh 
nauk, no. 12, 1962, 2113-2121 — 


TEXT: The isothermal lines of the sorption of water at 20°C, nitrogen at 


-195°C, and benzene at 20°C were plotted for NaA, CaA, NaX, and CaX 
zeolites to determine the characteristic adsorption values. The adsorption 
volumes were determined: (1) by calculation from the isothermal equation 
(Izv. AN SSSR, Otd. khim. n., 1958, 1165) , developed on the basis of the 
potential theory of adsorption; (2) by determining graphically the 

Hy Pasa equilibrium pressure h, for each vapor before capillary 
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Study on adsorption properties and ... B101/B186 ; 
condensation sets in. The values (v°) obtained in two different ways were 
consistent (in om’/g): with HO at 20°C 0.269 - 0.272 for Nab, 0.279-0.283 
for Cad, 0.323 - 0.338 for Nax, 0.355 - 0.360 for CaxX; with Ne at -195°C 
0.287 for Cad, 0.336 - 0.340 for NaX, 0.349 - 0.350 for CaX, and with 
CoH, at 20°C 0.293 - 0.297 for NaX, and 0.300 - 0.301 for CaX. 


Calculation of the num¥er n of unit cells with the composition 
z{yNa,0-(1 - y)H,0° A150, +xSi0,, and the molecular weight M per unit weight — if 


of the zeolite crystal gave: for NaA:x = 2.06, y.= 0493, 2 = 5.91, 2 
M= 1683, n+ 10779 /g = 5.58; for CaA:x = 2.06, y = 0.93, 2 = 5.91, 
M = 1654, ns 107°9/g = 3.64; for NaX:x = 2696, y = 0.964, z = 38071, 

M = 13171, pe40" fe = 0.457; for CaX:x = 2.96, y = 0.964, z = 38.71, 

M2 12950, n+107°9/g = 0.465. The volume of the cavities filled during 

maximum adsorption, calculated from vo = v°/n, has the following values: 
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a en 


(in R7} with EA0: 756 for NaA, 772 for Cad, 7221 for NaX, 7688 for CaX; 
with N,:768 for Cad, 7396 for NaX, 7516 for CaX; and with Cele: 6455 


for NaX, 6462 for CaX. The cavity volume per structural unit, is 
obtained by dividing the ¥, values by the number q of ouboootahedrons per: aa 


~unit coll (q = 1 for A seolites, q «= 8 for xX seolites). For A zeolites 


_it is 772 R3, and for X zeolites 932 R?, ‘There are 6 figures and 6 
tables. 


ASSOCIATION: Institut fizicheskoy khimii Akademii nauk SSSR 


(Institute of Physical Chemistry of the Academy of Sciences Ge } 

USSR) : dee 
Ze 
SUBMITTED: April 13, 1962 ; 
i 
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AUTHORS: Dubinin, M. N., and Zhukovskaya, Ye. G. 
Go ee i 

Ty. i 

TITLE: Konstantin Vasil'yevich Chmutov. On the occasion of his 


60th birthday 
PERIODICAL: ghurnal fizicheskoy khimii, v..36, no. 4, 1962, 925 - 924 


TEXT: K. V. Chmutov was 60 years old on March 21, 1962. He was born in 
Moscow and started his career in Bezhitsa at the zavod Krasnyy Profintern | 
(Xrasnyy Profintern Plant). In 1926, as a student of the hioskovskoye 
vyssheye tekhnicheskoy uchilishche (Moscow School of Higher Technical 
Education) K. V. Chmutov got interested in surface phenomena. Professor 

N. A. Shilov asked Chmutov to participate in his studies. K. V. Chnutov 

was teaching at the Moscow School of Higher Technical Education for more 

than 25 years. In 1940 he submitted a dissertation "Sorbtsionnyye 

yavleniya v kapillyarnykh sistemakh" (Sorption phenomena in capillary 

systems) for a doctor's degree. After o short time he became a professor. 
Jointly with M. M. Dubinin, he wrote the pook "Fiziko-khimicheskiye / 
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osnovy protivogazovogo dela" (Physico-chemical fundamentals of gas defense). 
From 1943 to 1950 he was Head of the dafedra kolloidnoy khimii (Depertment 
of the Chemistry of Colloids). He studied the diffusion kinetics, the 
‘temperature dependence of the diffusion coefficient in the system polymer- 
monomer und the crowth of vanadium pentoxide particles. At the Inotitut 
fizicheskoy khimii AN SSSR (Institute of Physical Chemistry of AS USSR), a 
laboratoriya khromatografii (Laboratory for Chromatography) was established 
at the end of the forties and K. V. Chmutov was put in charge of it, ag 

well as of the Komissiya po khromatografii (Commission for Chronatography ) 
at the Otdeleniye khimicheskikh nauk AN SSSR (Department of Chenicel 
Sciences AS USSR). In this laboratory, physico-chemical properties of the: | 
ion exchange of sorbents are studied, chromatographic processes simulated, 
and the requirements for producing chromatograms of nonequilibrium working . 
conditions of the ion exchange column are investigeted. in the field of 
producing spectrally pure salts, a new adsorption conplex-forming method | 
for the separation of metals may be introduced. The following mon-sraphs / 
were published by K. V. Chmutov:. "Tekhnika fiziko-khimicheskogo ek3peri- 
menta" (fechnique of the Physico-chemical experiment), (3rd edition 1954); 
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